Objectives: There is a paucity of information on the prevalence of iron deficiency among blood donors in Sokoto, North Western, Nigeria. The present study was, therefore, designed to investigate the prevalence and socio-demographic factors associated with iron deficiency among blood donors in Sokoto, North Western, Nigeria using a combination of haemoglobin haematocrit and serum ferritin measurements. Materials and methods: One hundred and fifty consecutively recruited whole blood donors, comprising of 148 (98.7%) family replacement donors and 2 (1.3%) voluntary non-remunerated donors, 145 male (96.7%) and 5 (3.33%) female blood donors aged 18 -60 years with mean age 39 ± 21 years constituted the subjects for this study. Subjects included farmers 55 (43.3%), 56 civil servants (37.3%) and 39 (26%) students. The full blood count was carried out using Mythic 22 CT fully automated haematology analyser (Orphee SA, Switzerland). Serum was tested for ferritin using a human ferritin enzyme immunoassay kit-ACCU Diag™ ELISA 
Introduction
Iron deficiency is a global public health problem and the most common nutritional deficiency in both developing and developed countries [1] . A healthy individual can donate blood up to four times a year [2] . A cut-off value of haemoglobin of 12.5 g/dL is often recommended before a blood donation is made. Regular blood donation puts a significant toll on iron stores. Blood donation leads to substantial iron loss, as about 0.5 mg iron is lost per each millilitre of blood donated. If not compensated efficiently, the iron loss may eventually lead to iron deficiency [3] . Iron stores are approximately 30% lower in female donors than in male donors and regular blood donation predisposes to iron deficiency (ID) [4] . A previous report among a total of 3094 blood donors indicated that the prevalence of ID in new female donors was 12.0% compared with 1.3% in males. The prevalence of ID in female whole blood only donors was 26.4% and it increased with donation frequency and decreased with age [5] . The mean serum iron was significantly higher among subjects with no previous history of blood donation and an increase in the number of donations resulted in an increase in the frequency of depleted iron stores and subsequently in erythropoiesis with iron deficiency [6] . Regular blood donation can lead to ID. Screening donors' serum ferritin levels at the time of first donation and subsequently once every year is a very rational way to pick up iron deficiency in a voluntary blood donor population [6] . There is paucity of data on the prevalence of iron deficiency among blood donors in the Sokoto, North Western Nigeria. The present study was, therefore, designed to assess the prevalence of iron deficiency and its associated socio-demographic factor using a combination of Haemoglobin, packed cell volume and serum ferritin measurements.
Materials and Methods

Study Area
Usmanu Danfodiyo University Teaching Hospital Sokoto is located in Sokoto State at the extreme Northwest of Nigeria between longitude 05˚ and 11˚ to 13˚ and 03˚ East and between latitude 13˚ and 0˚ to 13˚ and 06˚ North. The state shares border with the Republic of Niger to the North, Kebbi State to the West and Southeast and Zamfara State to the East. The state covers land area of about 60.33 km 2 . Report from the 2007 National population commission indicated that the state had a population of 3.6 million. The indigenous inhabitants of the area are the Hausa and Fulani. Other ethnic group resident in the area includes Igbo, Yoruba, Ebira, and Igala. Hausa is the commonly spoken language; traders form the greater percentage of the population, while the rest are civil servants, farmers, artisans and of other occupation. The study was conducted in the teaching hospital with various categories of blood donors. Report from the 2007 National Population Commission indicated that the State had a population of 3.6 million (NPC, 2007) [7] .
Study Population
One hundred and fifty apparently healthy consecutively-recruited blood donors visiting the blood bank in Usmanu Danfodiyo University Teaching Hospital for blood donation purpose constituted the subjects for this case study. Donors were categorized into 2 groups (family replacement donors and voluntary non-remunerated blood donors. A family replacement donor is one who gives blood when it is required by a member of the donor's family or community while voluntary non-remunerated donors are donors who donate blood out of altruism. Voluntary, non-remunerated blood donation is the cornerstone of a safe and adequate national blood supply.
Inclusion Criteria
All consecutively-recruited, consenting blood donors aged 18 -60 years, resident in Sokoto without any history of long-term medication use, illness, history of recent blood transfusion in the last 4 months and menstruation (female) visiting the Blood Transfusion Department of Usmanu Danfodiyo University Teaching Hospital Sokoto for Blood donation purpose were recruited into the study.
Exclusion Criteria
All Blood donors visiting the Transfusion Laboratory of Usmanu Danfodiyo University Sokoto for Blood Transfusion purpose who did not meet the inclusion criteria were excluded from the study. Ethical approval was sought from the ethical committee of Usmanu Danfodiyo University Sokoto, Nigeria.
Statistics
Statistical analyses were conducted using SPSS (version 18) software. Comparisons between populations were made using the Student's t-test for parametric data and the Mann-Whitney test for non-parametric data. A pvalue of <0.05 denoted a statistically significant difference in all statistical comparisons.
Sampling and Methods
About 6 millilitres of whole blood were collected using monovette vacutainer syringe into EDTA anticoagulated tube and plain tubes without anticoagulant. The EDTA anticoagulated blood was used for Full Blood Count investigation to obtain the haemoglobin and haematocrit. The full blood count was carried out using Mythic 22 CT fully automated haematology analyser (Orphee SA, Switzerland). The analyser is a fit for purpose fully automated 22-parameter haematology analyser with associated low reagent consumption and less maintenance. It is based on the impedance technology for cell counting. Sample collected into the plain tube was allowed to clot and the serum was obtained. Serum was tested for ferritin using a human ferritin enzyme immunoassay kit-ACCU Diag™ ELISA ferritin kit (Diagnostic Automation/Cortez Diagnostic Inc. California (U.S.A). Test procedures were conducted as described in the manufacturer's standard operating manual included with the kit. The ferritin quantitative test is based on a solid phase enzyme-linked immunosorbent assay (ELISA).
Results
One hundred and fifty consecutively-recruited whole blood donors, comprising of 148 (98.7%) family replacement donors and 2 (1.3%) voluntary non-remunerated donors aged 18 -60 years with mean age 39 ± 21 years made up of 145 male (96.7%) and 5 (3.33%) female constituted the subjects for this study. Subjects were made up of farmers 55 (43.3%), 56 civil servants (37.3%) and 39 (26%) students. Three haematological parameters (haemoglobin, packed cell volume and ferritin) were assessed among blood donors. The haemoglobin, packed cell volume and ferritin levels were significantly lower among regular voluntary remunerated blood donors compared to family replacement donors (p = 0.01). Table 1 showed the mean values of some haematological parameters based on donor type. The mean haemoglobin, packed cell volume and ferritin levels were compared among donors based on gender. The haemoglobin, packed cell volume and ferritin were significantly higher among male donors compared to female donors (p = 0.01). Table 2 showed the mean values of haematological parameters based on gender. The mean haemoglobin, packed cell volume and ferritin levels were compared among donors based on occupational groups. The haemoglobin, packed cell volume and ferritin were significantly higher among civil servants compared to farmers and students (p = 0.01). Table 3 showed the mean values haematological parameters based on occupational group of donors.
Discussion
Serum ferritin concentration thus appears to be a sensitive index of iron stores. Ferritin is a ubiquitous intracellular protein that stores iron and releases it in a controlled fashion. Ferritin levels are considered the gold standard for the diagnosis of iron-deficiency [8] . Several studies have used serum ferritin concentration as an indicator of iron stores [9] - [11] . Previous report indicates that virtually all patients with serum ferritin concentrations less than 15 ng/mL are iron deficient, with a sensitivity and specificity of 59% and 99%, respectively [12] . A cut-off limit of 30 ng/mL may increase its sensitivity to 92% [13] . Blood donation results in a substantial (200 -250 mg) loss of iron at each collection procedure, during which up to 425 -475 mL of whole blood are withdrawn, and subsequent mobilisation of iron from body stores [13] [14] .
In this present study, we observed a prevalence of iron deficiency (SF < 12 ng/ml) of 36 (24%). There is a paucity on information on ferritin levels among blood donors in Nigeria. Our finding is however consistent with report by Jeremiah and Koate [15] who obtained isolated iron deficiency (serum ferritin < 12 ng/mL) in 20.6% of their cohort of three hundred and forty-eight unselected consecutive whole blood donors in Port Harcourt, Nigeria. A previous report that investigated iron stores among Nigerian donors obtained a mean ferritin level of 49.19 ± 5.1 ng/ml and indicated that some blood donors may have pre-latent or latent iron deficiency at the time of donation and may manifest as iron deficient after blood donation [16] . Our finding is also consistent with previous report which indicated that the frequency of iron deficiency is high in blood donors and more dependent on the frequency of donation than on the accumulated number of donations [17] . The general impact of blood donation on iron status has been studied in Danish males. Iron stores were assessed by serum (S-) ferritin and haemoglobin (Hb) in a population survey comprising 1433 males in age cohorts of 30, 40, 50, and 60 years; 389 (27%) were blood donors and 1044 (73%) non-donors. Donors had lower serum ferritin, median 95 micrograms/l, than non-donors, median 136 micrograms/l. Serum ferritin values less than 15 micrograms/l (depleted iron stores) were seen in 3.3% of donors vs. 0.4% of non-donors, and serum ferritin values of 15 -30 micrograms/l (small iron stores) in 9.8% of donors vs. 1.4% of non-donors. Iron-deficiency anaemia (serum ferritin less than 15 micrograms/l and Hb less than 129 g/l) was seen in 0.26% of donors vs. 0.10% of non-donors [18] .
Iron stores were estimated in 333 professional blood donors by serum ferritin assay in Pakistan. Iron deficiency or depleted iron stores assessed by low serum ferritin levels (less than 12 ng/ml) were found in 15% donors. Anaemia (Hb less than 13 g/d1) was found in 284 (85%) donors, 51 (18%) of these had iron deficiency or low ferritin levels [9] . A previous study included ninety-two regular blood donors and 95 first time blood donors in Malaysia indicated a prevalence of iron deficiency in 7.4% of all first time donors as compared to 17.4% in regular donors [19] . Similarly a previous report in India indicated that an increase in donation frequency was accompanied by a significant decrease in serum ferritin; values < 15 microg/l. They obtained a prevalence of iron deficiency in 21 and 46 per cent of male and female donors respectively who donated once per year, in 29 and 27 per cent in those who donated twice per year and in 49 and 100 per cent in those who donated thrice per year [14] . Adediran and colleagues in Lagos obtained a mean serum ferritin was 102.46 ± 80.26 ng/mL among their cohort of 30 first-time volunteer blood donors and 41.46 ± 40.33 ng/mL among their cohort of 52 regular donors [20] .
Serum ferritin levels were determined in 500 Spanish blood donors of both sexes chosen at random and in 200 suitors for blood donation, used as control group. Iron deficiency was defined by ferritin values < 15 ng/dL. The mean ferritin value in men was 86.0 ng/dL, and in women this was 27.1 ng/dL. With respect to the control group, blood donors showed increased iron deficiency, 7.4% for men and 11.8% for women. Highly significant direct correlation was found in male donors between total donations, last-year donations and age, and between total number of donations and age in female donors [21] .
Iron deficiency is the commonest cause of anaemia worldwide and healthy blood donors are estimated to lose about 236 mg of iron with each donation. In a previous report, the serum ferritin level were found to be significantly lower among the regular donors (62.0 ± 39.78 ng/ml) compared to first time donors (90.7 ± 66.63) and second group donors (114.12 ± 66.97). The serum ferritin levels gradually decrease according to the number of donations and there was a significant correlation between frequency of donations and the serum ferritin level (r2 = 0.082) [22] . Our finding is however at variance with previous report by Vilzu and co-workers who found no significant difference between ferritin levels in controls and donors donating less than 20 units [23] .
Blood donation leads to substantial iron loss, as about 0.5 mg iron is lost per each millilitre of blood donated. If not compensated for efficiently, the iron loss may eventually lead to anaemia, though non-anaemic iron deficiency per se may be problematic. A cross-sectional, descriptive, and analytic study was conducted among 91 male volunteer blood donors aged from 20 to 50 years attending three IBTO stations located in central areas of Tehran, and 63 apparently healthy controls that were matched for age, gender, monthly income, height, and weight. The levels of Hb, Hct, and iron status indices were all significantly lower in the subjects than in controls and a gradual but significant decrease in iron status indices in each time of blood donation was found. Frequency of blood donation per year was also inversely correlated with Hb, Hct, serum ferritin and, but was directly correlated with TIBC [24] .
Iron deficiency anaemia is an important limiting factor for the number of donations in regular donors. A previous study was conducted to evaluate the prevalence of iron deficiency and its related factors in 337 blood donors at Yazd blood transfusion centre, Iran. Results showed that the prevalence of reduction in iron stores increased with an increase in the number of donations. The prevalence of iron deficiency in female and male regular donors was 78% and 28%, whereas 55.6% and 16% of these donors had iron deficiency anaemia [25] .
There are several factors that may be responsible for the high prevalence of iron deficiency among blood donors in Sokoto, Nigeria. The most common causes of iron deficiency and anaemia in sub Saharan Africa include; malaria, nutritional deficiencies of iron and folate, parasitic diseases such as hookworm whipworms and roundworms, haemoglobinopathies such as sickle cell disease and recently human immunodeficiency virus infection [26] - [29] . Previous report among Danish blood donors indicates that iron deficiency as an important problem, especially among menstruating women donating frequently and that the risk of iron depletion was largely explained by sex, menopausal status, donation frequency, dietary and supplemental iron intake [30] .
Early detection of iron deficiency among blood donors would allow appropriate re-adjustment of donation intervals and would guide the use of iron supplementation. It has recently been recommended that short-term iron supplementation combined with adjustments of haemoglobin acceptance levels may reduce the rate of donor deferral for low haemoglobin [31] .
The mean serum ferritin levels was significantly higher among FRD compared to regular voluntary non-remunerated donors (66 ± 54 versus 35 ± 10 ng/ml) (p = 0.01). Our study indicates that ferritin level is significantly lower in regular blood donors. This finding is consistent with previous reports which indicated that the ferritin concentrations decreased significantly with an increase in the number of donations [32] . Repeated blood donations might diminish iron status. A previous report suggest that it could be safe to donate 2 -3 units/year without an appreciable incidence of iron deficiency, provided that the pre-donation haemoglobin and ferritin values are >/=14.7 g/dL and 58.9 mug/L, respectively [33] . The pathophysiology behind blood donation-related iron depletion may involve hepcidin, a recently discovered peptide that acts by inhibiting iron absorption and promoting iron retention in reticuloendothelial macrophages. Previous report indicates that pro-hepcidin levels increases in relation to blood donation frequency per year [34] . Previous report indicates a significant correlation between hepcidin and serum ferritin [35] . Previous report suggest that there are newer tests (reticulocyte haemo-globin content, percentage of hypochromic red cells, and soluble transferrin receptor) that can potentially play a role in the monitoring of iron stores in donors [36] .
The mean haemoglobin and packed cell volume levels was significantly higher among FRD compared to regular voluntary non-remunerated donors. Our finding is at variance with a previous report by Adediran and colleagues [37] in Lagos, Nigeria which suggest that hemoglobin concentration, packed cell volume, and serum iron levels are not significantly affected by regular blood donation and that regular blood donors appear to have reduced iron stores compared with controls. Our finding is also at variance with previous report by Flesland and colleagues [38] who reported that the haemoglobin concentration in regular blood donors was not significantly different from that of first-time donors. Similarly, Szymczy-Nuzka and Woloweic [39] reported a normal haemoglobin and haematocrit in their cohort of 151 regular male donors who had given over ten units of whole blood at a frequency of 4 -6 units per year. Our finding is also however consistent with previous report by Djalali and colleagues [40] and that of Jeremiah and Koate [15] who reported a significantly lower haemoglobin and packed cell volume in regular blood donors when compared with healthy controls.
The haemoglobin, haematocrit and serum ferritin levels were significantly higher among male donors compared to female donors. Our finding is consistent with previous reports which indicated that anaemia is significantly higher in female donors compared with male donors. In pre-pubertal humans no major differences can be found between the sexes in red blood cell count or haemoglobin. Only after the onset of menstruation does a difference emerge [41] . Not until 10 years after the menopause does this situation revert in women, when the haemoglobin concentration becomes similar to that of aged-matched men. Our finding is consistent with a previous report among Iranian blood donors in which the prevalence of iron deficiency was higher in female (78%) compared to and male regular donors (28%) [42] . Also a previous report among Thai blood donors indicated that depleted iron stores (SF < or = 15 ng/mL) is higher among female donors (32.65%) compared to male (21.21%). Previous report indicates that there are substantial gender-related differences in Hb and other indicators of iron status during infancy [43] [44] . Previous report by Shalini and colleagues [45] indicated that anaemia is significantly higher in female donors compared with male donors. Similarly, a previous study among 500 Spanish blood donors of both sexes indicated that iron deficiency (ferritin values < 15 ng/dL) was 7.4% for men and 11.8% for women [21] . A previous report had queried why women should have lower reference limits for haemoglobin and ferritin concentrations [46] . In pre-pubertal humans no major differences can be found between the sexes in red blood cell count or haemoglobin and serum ferritin concentrations. Only after the onset of menstruation does a difference emerge [47] . Not until 10 years after the menopause does this situation revert in women, when the haemoglobin concentration becomes similar to that of aged matched men.
Haemoglobin, haematocrit and serum ferritin level was significantly higher among civil servants compared to farmers and students. The reason for this occupational difference in haemoglobin and ferritin level is unknown. However, civil servants are more educated. They are likely to have more access to finance to support better nutrition, live a better quality life and protection from factors that predispose people to anaemia and low iron stores.
Current guidelines in Sokoto and other parts of Nigeria require a pre-donation haemoglobin level of ≥12 g/dl before blood donation. Low haemoglobin below this threshold is usually a common reason for donor deferral. Pervious report indicates that low haemoglobin deferral occurs in about 10% of attempted whole blood donations and that it is commonly a consequence of iron deficiency anaemia particularly among pre-menopausal women who often have iron deficiency anaemia caused by menstruation and pregnancy and thus have low haemoglobin deferral on their first donation attempt [48] . This study indicate the urgent need to review current guidelines in Nigeria and other developing countries which require the determination of haemoglobin and haematocrit levels before blood donation. Previous report suggest that screening for Hb and iron indices enables prediction of donors at risk of subsequent anaemia and who would most benefit from prevention strategies [49] . Haemoglobin and haematocrit measurements alone seem unsuitable for use as a screening tool for the diagnosis of iron depletion in blood donors. Previous report indicates that just measuring the hemoglobin level is not sufficient for selecting donors. In addition, testing of the ferritin level and iron supplementation are recommended in regular donors with more than one donation per year [50] . In other to ensure the objective of ensuring the safety of blood donors and recipient, there is the urgent need to introduce routine ferritin testing into the donor screening menu in Nigeria in particular and sub Saharan Africa in general to protect the safety of blood donors. A significant number of our cohort of donors despite being eligible to donate blood based on current guidelines of pre-donation haemoglobin of ≥12.5 g/dL) had suboptimal ferritin level, a reflection of low iron status. Serum iron concentration and ferritin level measurements may be an objective way to ensure a safer blood donation process particularly among regular blood donors. Our observation is consistent with results from a previous study which showed that subclinical iron deficiency is prevalent even among blood donors that meet the Hb criteria for blood donation [51] .
Conclusion
This current study indicates that there is a high prevalence of iron deficiency among blood donors in Sokoto, North Western Nigeria. There is a need to review the screening tests for the selection of blood donors and include serum ferritin measurement in the donor screening menu as well as provide iron supplementation for regular blood donors. The serum ferritin levels should possibly be determined at the time of first donation and subsequently once every year and donors found to be iron-deficient should be offered iron supplementation to protect blood donors.
